To present a unique case of the internal carotid artery-posterior communicating artery (ICA-PcomA) aneurysm penetrating the oculomotor nerve presenting a pure acute subdural hematoma (ASDH) without any oculomotor dysfunction. A 71-year-old woman presented with a sudden headache and drowsiness. She had no history of head trauma and did not manifest any neurological deficits including oculomotor nerve palsy. Computed tomography (CT) of her head revealed left ASDH. Subsequent CT angiography showed an aneurysm originating from the left ICA with an inferior projection having continuity with the hematoma. Intraoperative inspection revealed ASDH observed mainly in middle fossa and no subarachnoid hemorrhage, while the aneurysm was confirmed to split the oculomotor nerve and to be fixed with the middle fossa. The aneurysm was obliterated by direct clip application and the patient's postoperative course was uneventful. Oculomotor nerve palsy is an important warning sign of imminent rupture of ICAPcomA aneurysm. However, we should consider that the ICA-PcomA aneurysm could rupture causing ASDH without any oculomotor nerve palsy, even though the aneurysm penetrated the oculomotor nerve.
Introduction
Oculomotor nerve palsy is a typical sign to warn the risk of imminent rupture of internal carotid-posterior communicating artery (ICA-PcomA) aneurysm. High incidence of oculomotor nerve palsy associated with ICA-PcomA aneurysms relates to the close proximity of the artery and nerve in the subarachnoid space of the basal cistern, where the oculomotor nerve is susceptible to compression just before it enters the dural coverings of the cavernous sinus. Although it is extremely rare, ICA-PcomA aneurysm has been reported to penetrate oculomotor nerve. We herein present a rare case of ICA-PcomA aneurysm penetrating oculomotor nerve, in which the patient did not present with oculomotor nerve palsy, even though the aneurysm was ruptured and demonstrated acute subdural hematoma (ASDH). ASDH is rarely found in association with a ruptured cerebral aneurysm, occurring in 0.5-7.9% of cases.
1) Interestingly, in this case, intraoperative findings demonstrated that there were not only subarachnoid hemorrhage (SAH) but also subdural hematoma. We discuss the mechanism of pure ASDH formation caused by ICA-PcomA aneurysm penetrating oculomotor nerve.
Case Report
The patient was a 71-year-old woman with a past history of hypertension and a dural arteriovenous fistula in the cervical spine, which was treated and cured with endovascular coil embolization 21 years earlier. She presented with sudden onset of a severe headache and consciousness disturbance. She had no history of head trauma, coagulation deficiency, and current use of illicit drugs, but magnetic resonance imaging (MRI) of the head that she underwent because of dizziness demonstrated a saccular aneurysm of 5.5 mm × 4.5 mm in the left internal carotid artery (ICA) 1 month before the ictus. On admission, her consciousness was mildly disturbed (Glasgow Coma Scale: eye opening 3, verbal response 5, motor response 6), but no neurological deficits, including no oculomotor palsy, were observed. She had no meningeal irritation signs. Initial CT of the head showed an ASDH in the left middle fossa and convexity without SAH or intracerebral hemorrhage (ICH) (Figs. 1A and B) . Three-dimensional CT angiography (3DCTA) demonstrated the aneurysm in the left ICA-PcomA that was previously detected, but no vascular malformation was indicated. There was no other evidence of causative pathology for the ASDH (Figs. 1C and D) .
Because rupture of the aneurysm was expected, neck clipping of the aneurysm was performed via the left pterional approach on the same day. Craniotomy and dural incision showed the ASDH located mainly in the left middle fossa. After evacuation of the hematoma, the Sylvian fissure was dissected to approach the ICA-PcomA aneurysm. However, no blood clot was observed in any of the subarachnoid spaces. Dissection of arachnoid adhesions around the aneurysm showed the left oculomotor nerve, which was split and penetrated by the fundus of the aneurysm (Fig. 2) . The oculomotor nerve appeared flattened at the point of penetration, as it passed toward the superior orbital fissure. The aneurysmal dome had a thin wall and was pulsatile in nature. Turbulent blood flow inside the aneurysm could be seen. The rupture point of the dome could not be identified; nevertheless, it probably existed beyond the oculomotor nerve. The aneurysm was successfully obliterated by clip application to the neck. The patient's postoperative course was uneventful, with a little neurological deficit. She was transferred to the rehabilitation hospital 41 days postoperatively.
Discussion
Non-traumatic ASDHs are uncommon. Arteriovenous malformations, cocaine abuse, and coagulation 1,4,5) The mechanisms underlying pure ASDH due to rupture of a cerebral aneurysm remain unclear, but several hypotheses have been proposed, including: (1) repeated minor bleeding from the aneurysm could cause local adhesions of the aneurysm with the superficial arachnoid membrane, and if the aneurysm ruptured, the arachnoid would tear and lead to formation of hematoma in the subdural space; and (2) increased intracranial pressure due to a ruptured aneurysm that might tear the fragile part of the superficial arachnoid membrane has been suggested as a cause of subdural hematoma.
6,7)
ICA-PcomA aneurysms frequently originate with posterior and inferior projection. Aneurysms with a size exceeding approximately 4-5 mm may come in contact with the oculomotor nerve and lead to paresis. [8] [9] [10] Nevertheless, in the present case, the aneurysm developed to 6 mm in diameter posterolaterally, which split and penetrated the oculomotor nerve. We consider that the tip of the dome of the aneurysm reached the superficial arachnoid membrane lining the dura mater across the oculomotor nerve. Therefore, the rupture point of the aneurysm did not have any direct contact with the fibers of the oculomotor nerve, but with the arachnoid membrane. As a result, the dome of the aneurysm adhered to the arachnoid membrane and ruptured and bled into the subdural space without SAH and oculomotor palsy (Fig. 3) .
In the present case, the aneurysm was seen penetrating the oculomotor nerve. Although penetration of the oculomotor nerve by an ICA-PcomA aneurysm is extremely rare, six similar cases have been reported since 1984 (Table 1) . [11] [12] [13] [14] [15] [16] The mechanism is presumed to involve the ICA-PcomA aneurysm coming into contact with and compressing part of the oculomotor nerve just before it enters the cavernous sinus, which has low mobility, for a long time. Finally, the oculomotor nerve is split and penetrated by the ICA-PcomA aneurysm as it grows. 17) Acute dilation of an unruptured aneurysmal sac causing mechanical distortion, pressure changes, and edema of the nerve can result in oculomotor nerve palsy.
8,9,18) A possible explanation for the absence of palsy in the oculomotor nerve penetrated by the aneurysm is that the aneurysm in contact with the oculomotor nerve enlarged gradually, with the functional integrity kept under physiological limits for nerve fiber injury. [13] [14] [15] 19, 20) It is very difficult to evaluate whether the aneurysm is penetrating Pupil-sparing oculomotor nerve palsy caused by upward compression of a large posterior communicating oculomotor nerve or not before surgery. There is some possibility that MR cisternography investigates the spatial relationship between the aneurysm and the oculomotor nerve. 21) Regarding operative technique, we need to do surgical procedures, such as peeling perianeurysmal structures and clipping carefully in order not to develop oculomotor nerve palsy. If there is enough space between the oculomotor nerve and the aneurysmal neck, it is easy to apply clip. We should otherwise detach the aneurysm from the oculomotor nerve to make space for insertion of the clip blade. Especially, if it was ruptured aneurysm with clot in the subarachnoid space, in which dissection around the aneurysm requires gentle procedure, appropriate clip application would be difficult and consequently, the risk of oculomotor nerve palsy might be increased. In such situation, endovascular surgery could be considered as the alternative for the repairment of asymptomatic aneurysm penetrating oculomotor nerve. In this case, endovascular surgery can also be the one of therapeutic strategy due to no oculomotor nerve palsy before surgery.
Conclusion
We report a unique case with a ruptured ICA-PcomA aneurysm presenting pure ASDH without SAH. The intraoperative inspection revealed the aneurysm penetrated oculomotor nerve, even though not an oculomotor nerve palsy was seen before surgery. The dome of the aneurysm adhered to the arachnoid membrane across the oculomotor nerve was thought to rupture and bleed into the subdural space without SAH.
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